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ACTELION41/R12 

Novel Diazabicyclononene Derivatives 

The invention relates to novel compounds of the general formula I. The invention 
also concerns related aspects including processes for the preparation of the 
compounds, pharmaceutical compositions containing one or more compounds of 
formula I and especially their use as renin inhibitors in cardiovascular events and 
renal insufficiency. Furthermore, these compounds can be regarded as inhibitors 
of other aspartyl proteases and might therefore be useful as inhibitors of 
plasmepsins to treat malaria and as inhibitors of Candida albicans secreted 
aspartyl proteases to treat fungal infections. 

In the renin-angiotensin system (RAS) the biologically active angiotensin H (Ang 
D) is generated by a two-step mechanism. The highly specific enzyme renin 
cleaves angiotensinogen to angiotensin I (Ang I), which is then further processed 
to Ang II by the less specific angiotensin-converting enzyme (ACE). Ang II is 
known to work on at least two receptor subtypes called ATl and AT2. Whereas 
ATi seems to transmit most of the known functions of Ang n, the role of AT2 is 
still unknown. 

Modulation of the RAS represents a major advance in the treatment of 
cardiovascular diseases. ACE inhibitors and ATi blockers have been accepted to 
treat hypertension (Waeber B. et al, "The renin-angiotensin system: role in 
experimental and human hypertension", in Berkenhager W. H., Reid J. L. (eds): 
Hypertension, Amsterdam, Elsevier Science Publishing Co, 1996, 489-519; 
Weber M. A., Am. J. Hypertens., 1992, 5, 247S). In addition, ACE inhibitors are 
used for renal protection (Rosenberg M. E. et al, Kidney International, 1994, 45, 
403; Breyer I. A. et al., Kidney International, 1994, 45, S156), in the prevention 
of congestive heart failure (Vaughan D. E. et al, Cardiovasc. Res., 1994, 28, 159; 



infarction (Pfeffer M. A. et a/., N. Engl. J. Med., 1992, 327, 669). 

The ration to deve.op renin inhibitors is the specificity of renin (Kleiner, H D 

s a*. ^ 199S , ^ ^ only ^ ^ ^ s - 

wfiicn can onlybe processed (under physiological condition,) by 

pTed b T a ' SO ° leaVe ** 1 - - - by- 

passed by chymase, a serine protease (Husain A., J. H m ., ,993, 7, „ 55 ) 

m paheuts of ACE ta .eads to bradykinin accm^ ^ 

(IsraHiZ.H.« a /.,^„, M&<)// „ (cmo/Afe > 
inhibit by ACE inbibitors. Therefore, the formal,^ L^i ** 
patients treated with ACE inhibitors. Blockade « ^ ^ Z ^ ' ^ 

whose concentration is dramatically increased by the blockade of AT, rec Jo"' 
Tins may raise serious questions regarding the safety and efficacy profile of AT,' 
receptor antagonists. In summary, renin inhibitor, are no. omy ejected O b 
different fiom ACE inhibitors and AT, blockers with regard to safely, bu, H 
nnportantly also with regard to their efficacy to block the RAS. 

Only limited clinical experience (Azizi M el al r rr, . 

Neute, , M. el at., Am . Heart , I991> ^ _ •£ 

inhibitors because of the, insufficient oral acrivity due to their pepti^ 
character (Kleinert H. D., Car^. Drugs , 199s> p> ^"^^ 

dolmen, of several compounds has been stopped because of mis pr ^ 
og «her w lth Ugh Mst of goods ^ _ compound P oWem 

centers has entered clinical Mais (Rahue, , « ai , Cfew . ^ ^„ , ^ 
Mealy N. E. ^gs Future , 2001> ^ ^ « ■ 

^ SCaIC ^ » d «*■ ^endy, the firs, uon-pepje renin 

urtubttors were described which show high in vUro activity ^ Q J 

Omu Bio,., ,999, 6, 127; Patent Application WO97/093,,; mL H. P 



Farmaco, 2001, 56, 21). However, the development status of these compounds is 
not known. 

The present invention relates to the identification of renin inhibitors of a non- 
peptidic nature and of low molecular weight. Orally active renin inhibitors of 
long duration of action which are active in indications beyond blood pressure 
regulation where the tissular renin-chymase system may be activated leading to 
pathophysiologically altered local functions such as renal, cardiac and vascular 
remodeling, atherosclerosis, and possibly restenosis are described. 

The present invention describes non-peptidic renin inhibitors. 

In particular, the present invention relates to novel compounds of the general 
formula I, 



U- 




Formula I 



wherein 



W is a six-membered, non benzofused, phenyl or heteroaryl ring, substituted by V 
in position 3 or 4; 



V represents -0-CH 2 -CH(OCH 3 )-CH 2 -0; -0-CH 2 -CH(CH 3 )-CH 2 -0 S -0-CH 2 - 
CH(CF 3 )-CH 2 -Os -0-CH 2 -C(CH 3 ) 2 -CH 2 -0-; -0-CH 2 -C(CH 3 ) 2 -0-; -0-C(CH 3 ) 2 - 



CH 2 -0-; -0-CH 2 -CH(CH 3 )-0-; -0-CH(CH3>CH 2 -0-; -0-CH 2 -C(CH 2 CH 2 )-0- 
0-C(CH 2 CH 2 )-CH 2 -0-; 

U represents aryl; heteroaryl; 

T represents -CONR'- ; -(CH 2 ) p OCO-; -(CH 2)p N(R')CO-; -(CH^CR^SO,- or 
-COO-; 

Q represents lower alkylene; lower alkenylene; 

M represents hydrogen; cycloalkyl; aryl; heterocyclyl; heteroaryl; 

L represents -R 3 ; -COR 3 ; -COOR 3 ; -CONR 2 R 3 ; -S0 2 R 3 ; -S0 2 NR 2 R 3 - 
-COCH(Aryl) 2 ; 

R* represents hydrogen; lower alkyl; lower alkenyl; lower alkinyl; cycloalkyl; 
aryl; cycloalkyl - lower alkyl; 

R 2 and R 2 ' independently represent hydrogen; lower alkyl; lower alkenyl- 
cycloalkyl; cycloalkyl - lower alkyl; 

R 3 represents hydrogen; lower alkyl; lower alkenyl; cycloalkyl; aryl; heteroaryl- 
heterocyclyl; cycloalkyl - lower alkyl; aryl - lower alkyl; heteroaryl - lower alkyl- 
heterocyclyl - lower alkyl; aryloxy - lower alkyl; heteroaryloxy - lower alkyl' 
whereby these groups may be unsubstituted or mono-, di- or trisubstituted with 
hydroxy, -OCOR 2 , -COOR 2 , lower alkoxy, cyano, -CONR 2 R 2 ., -CO-morpholin-4- 
yl, -CO-((4-loweralk y l)pipera2in-l- y l) 9 -NH(NH)NH 2 , -NR 4 R 4 * or lower alkyl 
with the proviso that a carbon atom is attached at the most to one heteroatom in 
case this carbon atom is sp3-hybridized; 

R 4 and R 4 ' independently represent hydrogen; lower alkyl; cycloalkyl; cycloalkyl - 
lower alkyl; hydroxy - lower alkyl; -COOR 2 ; -CONH 2 ; 



k is the integer 0 or 1 ; 
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m and n represent the integer 0 or 1, with the proviso that in case m represents the 
integer 1, n is the integer 0, and in case n represents the integer 1, m is the integer 
0; ui case k represents the integer 0, n represents the integer 0; 



p is the integer 1, 2, 3 or 4; 
r is the integer 3, 4, 5, or 6; 
s is the integer 2, 3, 4, or 5; 
t is the integer 1, 2, 3, or 4; 
u is the integer 1, 2, or 3; 
v is the integer 2, 3, or 4; 

and optically pure enantiomers, mixtures of enantiomers such as racemates 
dxastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
dmstereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms. 

In the definitions of general formula I - if not otherwise stated - the term lower 
alkyl, alone or in combination with other groups, means saturated, straight and 
branched chain groups with one to seven carbon atoms, preferably one to four 
carbon atoms that can be optionally substituted by halogens. Examples of lower 
alkyl groups are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl 
tert-butyl, pentyl, hexyl and heptyl. The methyl, ethyl nad isopropyl groups are' 
preferred. 

The term lower alkoxy refers to a R-O group, wherein R is a lower alkyl 
Examples of lower alkoxy groups are methoxy, ethoxy, propoxy, iso-propoxy, iso- 
butoxy, sec-butoxy and tert-butoxy. 



The term lower alkenyl, alone or in combination with other groups, means 
straight and branched chain groups comprising an olefinic bond and consisting of 
two to seven carbon atoms, preferably two to four carbon atoms, that can be 
optionally substituted by halogens. Examples of lower alkenyl are vinyl, propenyl 
or butenyl. 

The term lower alkinyl, alone or in combination with other groups, means straight 
and branched chain groups comprising a triple bond and consisting of two to 
seven carbon atoms, preferably two to four carbon atoms, that can be optionally 
substituted by halogens. Examples of lower alkinyl are ethinyl, propinyl or 
butinyl. 

The term lower alkylene, alone or in combination with other groups, means 
straight and branched divalent chain groups with one to seven carbon atoms, 
preferably one to four carbon atoms, that can be optionally substituted by 
halogens. Examples of lower alkylene are ethylene, propylene or butylene. 

The term lower alkenylene, alone or in combination with other groups, means 
straight and branched divalent chain groups comprising an olefinic bond and 
consisting of two to seven carbon atoms, preferably two to four carbon atoms, that 
can be optionally substituted by halogens. Examples of lower alkenylene are 
vinylene, propenylene and butenylene. 

The term lower alkylenedioxy, refers to a lower alkylene substituted at each end 
by an oxygen atom. Examples of lower alkylenedioxy groups are preferably 
methylenedioxy and ethylenedioxy. 

The term lower alkylenoxy refers to a lower alkylene substituted at one end by an 
oxygen atom. Examples of lower alkylenoxy groups are preferably methylenoxy, 
ethylenoxy and propylenoxy. 



The term halogen means fluorine, chlorine, bromine or iodine, preferably 
fluorine, chlorine and bromine. 



The term cycloalkvl alone er i„ combination, means a saturated cyclic 
hydrocarbon ring system with 3 to 7 earbon atoms, e.g. cyclopropyl. cyclobntyl 
oyclopentyl, cyclohaxyl and cycloheptyl, which can be optionally mono- or 
mmhsubsuhttea by lower alkyl, lower aUtenyl, lower alkenylene, lower alkoxy 
lower alkylenoxy, lower alkylenedloxy, hydroxy, halogen, -CF 3 , -Nr.r..' 
-MR <XO)R<: -NR'S( 0! )Rr, -C(0)NR-R'., lower alkylcarbonyl, -COOR' -SR'' 
-SOR', -SO*", -SO.NR-R.. whereby R <- represents hydrogen; lower aUtyl;'lower 
alkenyl; lower alkinyl; cyoloalkyl; atyl; cycloalkyl - lower alkyl. The cyclopropyl 
group is a preferred group. 

The term aryl, alone or in combination, rela.es ,o the phenyl, the naphmyl or the 
mdany. gronp, preferably the phenyl gronp, which can be optionally mono- or 
mullisobsntuted by lower alky,, lower alkenyl, lower alkinyl, lower afcenyiene or 
lower alkylene fctnung with the aryl ring a five- or six-membered ring lower 
alkoxy, lower alkylenedioxy, lower aJkylenoxy, hydroxy, hydroxy-lower alkyl 
halogen, cyano, -CF 3 , -OCF3, -NR'R'', -NR'r'. - lower alkyl, -NR'C(0)R'.' 
-NR,S(0 2 )R', -C(0)NR'R' % -N0 2 , lower alkylcarbonyl, -COOR 1 -SR 1 SOR'" 
-SO*', -SO.NR'R'S benzyloxy, whereby R- has fire meaning' given above' 
Preferred snbstitnents are halogen, lower alkoxy, lower alkyl, CF 3 , OCF 3 . 

The term aryloxy refers to an Ar-O group, wherein Ar is art aryl. An example of 
a lower aryloxy group is phenoxy. 

The term heteroeyclyl, alone or in combination, means saturated or unsaturated 
(but not aromatic) five-, six- or seven-membered rings containing one or two 
nttrogen, oxygen or sulfur atoms which may be the same or different and which 
nngs can be optionally substituted with lower alkyl, hydroxy, lower alkoxy and 
halogen. The nitrogen atoms, if present, can be substituted by a -COOR 2 group 
Examples of such rings are piperidiny. motpholinyl, thiomotpholiny.' 
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ptperazinyl, teunhydropyranyl, dinydropyranyl, 1,4-dioxanyI, pyrroUdinyl, 
tetrahydrofiunny., dihydropyrroly,, infidazolidiny., dihydropyrazo.y, 
pyrazolidinyl, daydroqumolinyl, tetrahym„ q ninoliny., tetrahydrois0(JuilK>linyl ' 

> The term heteroaryl, alone or in combination, means six-membered aromatic 
nngs containing one to four nitrogen atoms; benzofused six-membered aromatic 
nngs containing one to tbree nitrogen atoms; five-membered aromatic rings 
contaming one oxygen, one nitrogen or one suUur atom; benzofused five- 
membered aromatic rings contaming one oxygen, one nitrogen or one sulfur atom- 
five-membered aromatic rings containing one oxygen and one nitrogen atom and 
benzoftised derivatives thereof; five-membered aromatic rings containing a sulfur 

and a nitrogen or an oxygen atom and benzofWd H^,„« .._..„ „ 

— ^ T utiyuo tucicur; nve- 

membered aromatic rings containing two nitrogen atoms and benzofused 
denvatives thereof; five-membered aromatic rings containing three nitrogen atoms 
and benzofused derivatives mereof, or a tetrazolyl ring. Examples .of such ring 
systems are furany., thiopheny!, pyrroly,, pyridinyl> pyifaidinylj 
qumohnyl, isoquinoliny!, hnidazoly,, Wazinyf, thiazinyl, thiazolyl, isomiazolyl 
pyndazinyl, pyrazolyl, oxazolyl, isoxazoiyf, coumarinyl, benzomiophenyl 
qumazofinyl, quinoxaUnyl. Such rings may be adequafly substituted with Wer 

W aUCenyl> '° Wer " kh »l "> w <* Wer afkenyfene, ,ower 

aUcylenedioxy, lower alkyleneoxy, hydroxy-lower alky!, lower afkoxy, hydroxy 
halogen, cyano, -CP 3 , -OCP 3 , -NR'R'', -NR'r'. . , ower ^ . N(R , )COR ,' 
-NCR'^R', -CONR-R... -NO2, lower alkylcarbonyl, -COOR', -SR., W 
-SO* , -SO.NR R«., another aryl, another heteroaryl or another heterocyclyl and 
the hke, whereby R ' has the meaning given above. 

The term heteroaryloxy refers to a Het-O group, wherein Het is a heteroaryl. 

The term ^-hybridized refers to a carbom atom and means mat tins carbon 
atom forms four bonds .0 four substituents placed in a tetragonal fashion around 
this carbon atom. 
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The expression pharmaceutical* aceeptable salts encompasses either salts with 
urorganic acids or organic acids like hydrochloric or hydrobromic acid, sulfuric 
sort, phosphoric acid, citric acid, fonnic acid, acetic acid, maleic acid, tartaric 
actd, benzoic acid, methanesulfonic acid, p-toluenesulfonic acid, turn the like that 
are non toxic ,„ living organisms or in case me compound of formnla I is acidic in 
nature with an inorganic base like an alkali or earth alkali base, e.g. sodium 
hydroxtde, potassium hydroxide, calcium hydroxide and the like. 

The compounds of the general fotmula , can contain two or more asymmetric 
carbon atoms and may be prepared in form of optically pure enantiomers 
anxnnes of enantiomers such as racemates, diastereomers, mixtures of 
drastereomers, diastereomeric racemates, mixtures of diastereomeric 
and the meso-form and pharmaceuticaUy acceptable salts then* 
The present invention encompasses all these forms. Mixtures may be separated in 
a manner known per se , u by ^ chromatographyi ^ 
chromatography, HPLC or crystallization. 

A group of preferred compounds are compounds of general formula I wherein W 
V, U, T, Q, L, and M are as defined in general formula I above and wherein 

kis 1 
n is 0 and 
mis 1. 



25 Another group of preferred compounds of general formula I are those wherein W 
V, U, T, Q, M, k, m, and n are as defined in general formula I above and 

L represents H; -COR 3 "; -COOR 3 "; -CONR 2 "R 3 "; 

30 whereby R a " and R. 3 " represent independently lower alkyi, lower cycloalkyl - 
lower alkyi, which lower attcy, and lower cycloalkyl - lower alkyi groups are 
^substituted or monosubstituted wim halogen, oyano, hydroxy, -OCOCH, 



20 



10 

m CONH 2 , -COOH, ~NH 2 , with the proviso that a carbon atom ig „ ^ ^ 
most to one heteroatom in case this carbon atom is sp3-hybridi Z ed. 

5 2!l r w T/l T 4 compounds of general fonnula 1 above « *~ 

whereni W, V, U, L, k, m, and n are as denned in general formula I and 

T is -CONR 1 -; 
Q is methylene; 

M is hydrogen; aryl; or heteroaryl. 

10 

Another group of even nrore preferred C o m pounds of general fornruia , are those 
W. U, U T, Q, M, K m , and n are aa denned in genera, fom™,a I a^ 



■5 V represents -0-CH 2 -CH(CH 3 )-CH 2 -0-; -0-CH 2 -C ( CH3) 2 -CH 2 -0- . 

V - U T, Q, M, L, „ m , and n are as deflne4 in genera, fonnula I ahove 



20 



W represent a 1,4-disubstituted phenyl 



nng. 



25 and 



rrn q r:r k p rr — - — — - 1 - - 

' * • "* - *" M deftoed fa S®neral formnla I above 



U is a mono-, di-, or trisubstituted pheny, wherein tie subsets are halogen- 
lower allcyl or lower alkoxy. n^ogen, 



30 
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a mixture of irac. H lR*, 56-)-7- { 4-[(2**)^^ 

propoxy]phenyl}.3 ) 9-diazabicyclo[3.3.1]non-6-ene-6-carboxyIic acid cyclo- 
propyl-(2 > 3-dichlorobenzyl)amide and (rac.)-{lR*, 5S*)-l-{4-[{2S*y2-m^y\-3. 

(23,6-trifluorophenoxy)-propoxy]phenyl}-3,9-dia Z abicyclo[33.1]non-6-en^ 
carboxylic acid cyclo-propyl-(2,3-dichlorobenzyl)amide, and 

(racHlR*, ^*)-7-{4-[2,2-cii m emyl-3-(2 > 3 > 6-trmuorophenoxy)pro P o 
3,9.dia Z abicyclo[3.3.1]non-6-ene-6-carboxylic acid cyclopropyl-(2,3-dichloro- 
benzyl)amide. 



The compounds of general formula I and their pharmaceutical^ acceptable salts 
may be used as therapeutics e.g. in form of pharmaceutical compositions Thev 
may especially be used in the treatment and/or prophylaxis of cardiovascular and 
renal chseases. Examples of such diseases are hypertension, coronary diseases 
cardxac insufficiency, renal insufficiency, renal and myocardial ischemia, and 
renal failure. They can also be used to prevent restenosis after balloon or stent 
anaplasty, to treat erectile dysfunction, glomerulonephritis, renal colic and 
glaucoma. Furthermore, they can be used in the therapy and the prophylaxis of 
diabetic complications, complications of vascular or cardiac surgery or after organ 
transplantation, complications of cyclosporin treatment, as well as other diseases 
presently known to be related to the RAS. 

In another embodiment, the invention relates to a method for the treatment and/or 
prophylaxis of diseases which are related to the RAS such as hypertension 
coronary diseases, cardiac insufficiency, renal insufficiency, renal and myocardial' 
aschemia, and renal failure, which method comprises administrating a compound 
as defined above to a human being or animal. 

The invention further relates to the use of compounds of general formula I as 
defined above for the treatment and/or prophylaxis of diseases which are 
associated with the RAS such as hypertension, coronary diseases, cardiac 



12 



insufficiency, renal insufficiency, renal and myocardial ischemia, and renal 
failure. 

to addition, the invention relates to the use of compounds as defined above for the 
preparation of medicaments for the te atinen, and/or prophylaxis of diseases 
winch are associated with the RAS such as hypertension, coronary diseases 
carmac insufficiency, renal insufficiency, renal and myocardial ischemia and 
renal failure. 

The compounds of fonnula I may also be used in combination with one or more 
other therapeutically useful substances e. g. with other renin inhibitors, with ACE- 
mmbttors, with angiotensin-receptor antagonists, with diuretics, with ^,„ imn 
channel blockers, with endomelin receptors antagonists or with other drugs 
beneficial for me prevention or the treatment of cardiovascular events or renal 
insufficiency. 

Ail fomts of prodrugs leading to an active component comprised by general 
fonnula I above are included in the present invention. 

The compounds of genera, formula I can be manufactured by the methods 
outhned below, by the methods described in the examp.es or by analogous 
methods. " 



Chemistry 



The chemtstiy necessary to prepare the compounds included to general fonnula I 
might be taken from earlier patent applicaitons. The linkers included under V can 
be prepared from a commercial avaUable g.ycero, derivative _ ^ 
commercially available 3-hydroxy-2,2^hnemy.pro P iomc acid methy! ester, fiom 
(JO- or (S)-3-hydroxy-2-methylpropionic acid (Locher, T. ; e, al, PCT Int Apol 
WO 0022,53 Al 20000420, 200. ; Vogel, G, at a,, a, mlstry ani Phys Z of 
Up**, 1990, 52, 99; Seebach, D, e, a,, Hel, Chi m . Acta, 19 8o, 69, 1,47), or 
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from (£)- or (5)-3-hydroxy-2-(trifluoromethyl)propionic acid (Goetzoe, S. P.; et 
al.; Chimin, 1996, 50, 20). Also, methyl 1 -hydroxy- 1 -cyclopropane carboxylate 
or any derivative of lactic acid may be used. All these starting materials can be 
converted into a precuror for the segment V-U by a combination of protecting 
steps, coupling steps with a phenol derivative or a hydroxyheterocycle (typically 
via a Mitsunobu coupling), reductive steps, and/or deprotection steps. For 
instance a compound of type A may be converted into a ether of type B by a 
Mitsunobu coupling (Scheme 1), whereas R a - and R b -substituents are as defined in 
genral formula I and COOR c is a suitable ester functionality. Reduction may lead 
to a compound of type C, then protection to a compound of type D. Coupling to 
known vinyl triflate E may lead to a bicyclononene of type F. Protecting group 
manipulation may lead to a compound of type G. then deprotection to a 
bicyclononene of type H. A next step, for instance a Mitsunobu coupling, may 
lead to a bicyclononene of type J, where the V-U segment is completely in place. 
Saponification may lead to a compound of type K, then an amide coupling to a 
compound of type L. Removal of the Boc-protecting group, then alkylation or 
acylation, may lead to a bicyclononene of type M, then deprotection to a desired 
final compound of type N. 
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The compounds of formula I and their pharmaceutical* acceptable acid addition 
salts can be used as medicaments, e. g. in the form of pharmaceutical preparations 
for enteral, parenteral, or topical administration. They can be administered for 
example, perorally, e. g. in the form of tablets, coated tablets, dragees, hard and 
soft gelatine capsules, solutions, emulsions or suspensions, rectally, e g in the 
form of suppositories, parenteral* e . g. in the form of injection solutions or 
infusion solutions, or topically, e. g. in the form of ointments, creams or oils. 

The production of pharmaceutical preparations can be effected in a manner which 
w.11 be familiar to any person skilled in the art by bringing the described 
compounds of formula I and their pharmaceutical* acceptable acid addition salts 
optionally in combination with other therapeutically valuable substances into a 
galenxcal administration form together with suitable, non-toxic,' inert 
therapeutically compatible solid or liquid carrier materials and, if desired, usuai 
pharmaceutical adjuvants. 

Suitable earner materials are tot only inorganic earrier materials, but also organic 
earner materials. Thus, for examp.e, laetose, eorn starch or derivatives thereof 
tale, stearie aeid or its salts can be used as earrier materials for tablets, coatee 
tabiets, dragees and hard gelatine eapsules. Suitable earrier materials for soft 
gelatme eapsules are, for example, vegetable oils, waxes, fate and semi-solid and 
hqmd poyols (depending on the nature of to aetive ingredient no carriers are 
however, required in the case of soft gelatine capsu.es). Suitable carrier materials 
for the production of sohttions and syrups are, for example, water, polyols 
sucrose, invert sugar and the like. Suitable earner materials for injections are for 
exampte, water, alcohols, polyols, glycerols and vegetable oils. Suitable carrier 
matenals for suppositories are, for example, natural or hardened oils, waxes fats 
and semi-liquid or liquid polyols. Suitable carrier materials for topical 
preparations are grycerides, semi-synthetic and synthetic glycerides, hydrogenated 
o.ls, liquid waxes, liquid paraffins, liquid fatty alcohols, sterols, polyethylene 
glycols and cellulose derivatives. 
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Usual stabilizers, preservatives, wetting and emulsifying agents, consistency- 
improving agents, flavour-improving agents, salts for varying the osmotic 
pressure, buffer substances, solubilizers, colorants and masking agents and 
antioxidants come into consideration as pharmaceutical adjuvants. 

The dosage of compounds of formula I can vary within wide limits depending on 
the disease to be controlled, the age and the individual condition of the patient and 
the mode of administration, and will, of course, be fitted to the individual 
requirements in each particular case. For adult patients a daily dosage of about 1 
mg to about 1000 mg, especially about 50 mg to about 500 mg, comes into 
consideration. 

The pharmaceutical preparations conveniently contain about 1 - 500 mg, 
preferably 5 - 200 mg of a compound of formula I. 

The following examples serve to illustrate the present invention in more detail. 
They are, however, not intended to limit its scope in any manner. 

Examples 



Abbreviations 

ACE Angiotensin Converting Enzyme 
Ang Angiotensin 
aq. aqueous 
Bn Benzyl 
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15 



20 



25 



Boc 


?ert-Butyloxycarbonvl 


BSA 


Bovine serum albumine 


BuLi 


n-Butyllithium 


cone. 


concentrated 


DIPEA 


Diisopropylethylamine 


DMAP 


4-iy;AT-Dimetiiylaminopyridine 


DMF 


Dimethylformamide 


DMSO 


Dimethylsulfoxide 


EDCHC1 Ethyl-Wdimethylaininopropy 


PTA 


enzyme immunoassay 


en 


equivalent 


Et 




EtOAc 


xiinyi acetate 


FC 


i 4 lash Chromatography 


HOBt 


xiyaroxyoenzotnazol 


KHMDS 


Potassium hexamethyldisilazide 


MeOH 


Methanol 


org. 


organic 


PG 


protecting group 


Ph 


Phenyl 


RAS 


Renin Angiotensin System 


rt 


room temperature 


sol. 


Solution 


TBAF 


Tetra-w-butylammonium fluoride 


TBDMS 


ter^Butyldimethylsilyl 


Tf 


Trifluoromethylsulfonyl 


THF 


Tetrahydrofuran 


TLC 


Thin Layer Chromatography 



30 Precursors 

3-(4-Bromophenoxy)-2,2-dimethylpropionic acid methyl ester (Bl) 
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Tributylphosphine (85%, 78.2 mL, 270 mmol) was added to a sol. of 3-hydroxy- 
2,2-dimethylpropionic acid methyl ester (11.9 g, 90 mmol), 4-bromophenol (31.1 
g, 180 mmol) and azodicarboxylic dipiperidide (51.1 g, 180 mmol) in toluene (1.5 
L). The mixture is stirred for 1 h at rt and then heated at 60 °C for 2 h. The 
mixture is allowed to cool to rt and stirred overnight. EtOAc and water were 
added, the organic phase was washed with water (2x) and brine (lx). The org. 
extracts were dried over MgS0 4 , filtered, and the solvents were removed under 
reduced pressure. Purification of the residue by FC yielded the title compound. 

(rac.)-3-(4-Bromophenoxy)-2-methylpropionic acid methyl ester (B2) 

Tributylphosphine (85%, 78.2 mL, 270 mmol) was added to a sol. of 3-hydroxy-2- 
methylpropionic acid methyl ester (11.7 g, 90 mmol), 4-bromophenol (31.1 g, 
180 mmol) and azodicarboxylic dipiperidide (51.1 g, 180 mmol) in toluene (1.5 
L). The mixture is stirred for 1 h at rt and then heated at 60 °C for 2 h. The 
mixture is allowed to cool to rt and stirred overnight. EtOAc and water were 
added, tbe organic phase was washed with water (2x) and brine (lx). The org. 
extracts were dried over MgS0 4 , filtered, and the solvents were removed under 
reduced pressure. Purification of the residue by FC yielded the title compound. 

3-(4-Bromophenoxy)-2,2-dimethyIpropan-l-ol(Cl) 

Compound Bl (24.4 g, 85.0 mmol) was dissolved in MeOH (500 mL), cooled to 0 
°C and LiBHL} (3.69 g, 170 mmol) was added caustiously. The reaction mixture 
was stirred for 2 h at 0 °C. Water was added, then aq 1M NaOH and the solvents 
were partially removed under reduced pressure. EtOAc was added, fire aq. layer 
was extracted with EtOAc, and the combined org. extracts were dried over MgS0 4 
and filtered. The solvents were removed under reduced pressure and purification 
by FC yielded the title compound. 



(mc)-3-(4-Bromophenoxy)-2-methylpropan-l-oI(C2) 
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Compound B2 (24.2 g, 85.0 mmol) was dissolved in MeOH (500 mL), cooled to 0 
°C and LiBH4 (3.69 g, 170 mmol) was added caustiously. The reaction mixture 
was stirred for 2 h at 0 °C. Water was added, then aq 1M NaOH and the solvents 
were partially removed under reduced pressure. EtOAc was added, the aq. layer 
was extracted with EtOAc, and the combined org. extracts were dried over MgS0 4 
and filtered. The solvents were removed under reduced pressure and purification 
by FC yielded the title compound. 

[3K4-Bromo P henoxy)-2,2-dimethylpropo X y]-tert-butyIdimethyI s U a ne(Dl) 

A mixture of compound CI (13.3 e. 51.5 mmnll TRnvr<Q_m n 1 n „ ^ ^ ...... „ 

— " — — *->*\n.i g, //.jiiunoi) 

and imidazole (6.80 g, 100 mmol) in DMF (500 mL) was stirred at rt overnight. 
The solvents wrere partially removed under reduced pressure and the residue was 
15 diluted with EtOAc. This mixture was washed with aq. 1M HC1 (lx), aq. sat. 
NaHC0 3 (lx), water (lx) and brine (lx). The org. extracts were dried over 
MgS04, filtered, and the solvents were removed under reduced pressure. 
Purification of the residue by FC yielded the title compound. 

20 (™*M3<4-Bromo P henoxy)-2^ 
(D2) 
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A mixture of compound C2 (13.2 g, 51.5 mmol), TBDMS-C1 (11.7 g, 77.3 mmol) 
and imidazole (6.80 g, 100 mmol) in DMF (500 mL) was stirred at rt overnight. 
The solvents wrere partially removed under reduced pressure and the residue was 
diluted with EtOAc. This mixture was washed with aq. 1M HC1 (lx), aq. sat. 
NaHC0 3 (lx), water (lx) and brine (lx). The org. extracts were died over 
MgS04, filtered, and the solvents were removed under reduced pressure. 
Purification of the residue by FC yielded the title compound. 
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(racHlX*, ^*H-{4-l3-(ferf-ButyIdime^^^ 

P™P°^]pnenyl}-9-methyl-3^-diazab^^^^ 

acid 3-tert-butyl ester 6-ethyI ester (Fl) 

A sol. of compound Dl (18.1 g, 48.4 mmol) in THF (450 mL) was cooled to -78 
°C. BuLi (1.6M in hexane, 31.3 mL, 50.0 mmol) was added. After 30 min, ZnCl 2 
(1M in THF, 60 mL, 60 mmol, prepared from ZnCl 2 dried overnight at 150 °C and 
THF) was added. The mixture was allowed to warm up to rt. Vinyl triflate E 
(8.98 g, 19.7 mmol) in THF (10 mL) and then Pd(PPh 3 ) 4 (600 mg, 0.519 mmol) 
were added. The mixture was heated tro reflux for 90 min and aq. 1M HC1 (1 
mL) was added. The mixture was diluted with EtOAc and washed with aq 1M 

NaOH(lx). The ore. extracts werp. A-A&A 

w - — wrwx i.^x 6 ww4, jliilcicu ciriu tne solvents 

were removed under reduced pressure. Purification of the residue by FC yielded 
the title product. 

Mixture of (ma)-(7** 5^*)-7-{4-[(2J?*).3.( te rr-butyIdimethyI S Uanyloxy).2- 
methyIpropoxy]phenyI}-9-methyl-3,9-dia 2 abicyclo[3.3.1]non-6-ene-3,6- 
dicarboxylic acid Z-tert-butyl ester 6-ethyI ester and {rac.y{lR*, 5S*yi-{4- 

[(2^>3-(/ e rt.butyldimethylsilanyloxy)-2-methylpropoxy]phen^^^ 

3,9-diazabicyclo[3.3.1]non-6-ene-3,6-dicarboxylic acid 3-tert-butyl ester 6- 
ethyl ester (F2) 

A sol. of compound D2 (17.8 g, 48.4 mmol) in THF (450 mL) was cooled to -78 
°C. BuLi (1.6M in hexane, 31.3 mL, 50.0 mmol) was added. After 30 min, ZnCl 2 
(1M in THF, 60 mL, 60 mmol, prepared from ZnCl 2 dried overnight at 150 °C and 
THF) was added. The mixture was allowed to warm up to rt. Vinyl triflate E 
(8.98 g, 19.7 mmol) in THF (10 mL) and then Pd(PPh 3 ) 4 (600 mg, 0.519 mmol) 
were added. The mixture was heated tro reflux for 90 min and aq. 1M HC1 (1 
mL) was added. The mixture was diluted with EtOAc and washed with aq. 1M 
NaOH (lx). The org. extracts were dried over MgSO,, filtered and the solvents 
were removed under reduced pressure. Purification of the residue by FC yielded 
the title product. 
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(racHIR*, 5 'S'*)-7-{4-[3-(tert-BntyIdiinethylsUanyIo X y)-2,2-dimethyl- 

propoxy]phenyI}.3,9.diazabicyclo[3.3.1] 1 ion-5-ene.3,6,9-tricarbo X yUc acid 
3,9-di-tert-butyI ester 6-ethyl ester (Gl) 

2-Chloroethyl chloroformate (12.0 g, 83.7 mmol) was added to a sol. of 
bicyclononene Fl (10.1 g, 16.7 mmol) in 1,2-dichloroethane (300 mL). The sol. 
was heated to reflux. After 4 h, the reaction mixture was allowed to cool to rt, and 
MeOH (100 mL) was added. The mixture was stirred at rt for 4 h, and the 
solvents were removed under reduced pressure. The residue was diluted with 
EtOAc and washed with aq. 1M NaOH (2x). The org. extracts were dried over 
MgS0 4 , filtered, and the solvents were removed under ™*W.*H nmc«,« 

~ — -w- WUU 1-4.A «»/. xxxu 

residue was dissoled in CH 2 C1 2 (100 mL), DIPEA (5.47 mL, 32.0 mmol) was 
added, and the mixture was cooled to 0 °C. Boc 2 0 (3.60 g, 16.0 mmol) was added 
and the mixture was stirred at 0 °C for 1 h, then at rt for 2 h. The mixture was 
washed with aq. 1M HC1 (lx), and aq. sat. NaHC0 3 (lx). The org. extracts were 
dried over MgS0 4 , filtered, and the solvents were removed under reduced 
pressure. Purification of the residue by FC yielded the title compound. 

Mixture of (r«c.)-(2** 5.S*)-7-{4-[(2i?*).3.(tert-butyIdimethylsilanyloxy).2. 

methylpropoxy]phenyl}-3,9-diazabicycIo[3.3.1]non-6-ene-3,6 5 9-tricarboxyUc 
acid 3,9-di-tert-butyl ester 6-ethyl ester and (rac.)-(lR* 5^*)-7-{4-[(2^*)-3- 

(tert-butyldimethylsilanyloxy)-2-methylpropoxy]phenyI}-3,9-diazabicyclo- 
[3.3.1]non-6-ene-3,6,9-tricarboxylic acid 3,9-di-tert-butyI ester 6-ethyl ester 
(G2) 



2-Chloroethyl chloroformate (12.0 g, 83.7 mmol) was added to a sol. of 
bicyclononene F2 (9.83 g, 16.7 mmol) in 1,2-dichloroethane (300 mL). The sol. 
was heated to reflux. After 4 h, the reaction mixture was allowed to cool to rt, and 
MeOH (100 mL) was added. The mixture was stirred at rt for 4 h, and the 
solvents were removed under reduced pressure. The residue was diluted with 
EtOAc and washed with aq. 1M NaOH (2x). The org. extracts were dried over 
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MgS0 4 , filtered, and the solvents were removed under reduced pressure. The 
residue was dissoled in CH 2 C1 2 (100 mL), DIPEA (5.47 mL, 32.0 mmol) was 
added, and the mixture was cooled to 0 °C. B 0C2 0 (3.60 g, 16.0 mmol) was added 
and the mixture was stirred at 0 °C for 1 h, then at rt for 2 h. The mixture was 
washed with aq. 1M HC1 (Ix), and aq. sat. NaHC0 3 (Ix). The org. extracts were 
dried over MgS0 4 , filtered, and the solvents were removed under reduced 
pressure. Purification of the residue by FC yielded the title compound. 

{rac.y{lR*, ^^-T-H^S-Hydroxy^Z-dimethylpropo^phenylJ-a^-diaza- 
bicyclo[3.3.1]non.6-ene-3,6,9-tricarboxylic acid 3,9-di-terf-butyl ester 6-ethyl 
ester (HI) 
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TBAF (1M in THF, 20.0 mL, 20.0 mmol) was added to a sol. of bicyclononene 
Gl (9.30 g, 13.5 mmol) in THF (100 mL) at 0 °C. The mixture was stirred for 1 h 
at 0 °C, then for 3 h at rt. The mixture was diluted with EtOAc and washed with 
brine (2x). The org. extracts were dried over MgS0 4 , filtered, and the solvents 
wer removed under reduced pressure. Purification of the residue by FC yielded 
the title compound. 

Mixture of (raaHlR* 5 1 S*)-7-[4-((2^*)-3-hydroxy-2-methylpropoxy)- 
phenyl]-3,9-dia2 a bicyclo[3.3.1]non-6-ene-3,6,9-tricarboxyHc acid-3,9-di- tert - 
butyl ester 6-ethyl ester and (ma)-(itf* 5 1 y*)-7-[4-((2 t y*)-3-hydroxy-2- 

methylpropoxyVphenylJ-S^-diazabicycIop^.llnon-e-ene-S^-tricarboxylic 
acid-3,9-di-ter/-butyl ester 6-ethyl ester (H2) 

TBAF (1M in THF, 20.0 mL, 20.0 mmol) was added to a sol. of bicyclononene 
G2 (9.10 g, 13.5 mmol) in THF (100 mL) at 0 °C. The mixture was stirred for 1 h 
at 0 °C, then for 3 h at rt. The mixture was diluted with EtOAc and washed with 
brine (2x). The org. extracts were dried over MgS0 4 , filtered, and the solvents 
wer removed under reduced pressure. Purification of the residue by FC yielded 
the title compound. 
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(mc)-(i** ^*)-7-{4-[2,2-Dimethyl-3.(2,3 ) 6-trifluoropheiioxy)propo X y]. 
phenyI}.3,9-diazabicyclo[3.3.1]non-6-ene-3,6,9-tricarboxylic acid 3,9-di-tert- 
butyl ester 6-ethyl ester (Jl) 

Tributylphosphine (85%, 6.60 mL, 26.8 mmol) was added to a sol. of 
bicyclononene HI (5.14 g, 8.93 mmol), 2,3,6-trifluorophenol (2.65 g, 17.9 mmol) 
and azodicarboxylic dipiperidide (5.08 g, 17.9 mmol) in toluene (100 mL). The 
mixture was heated to reflux for 2 h and allowed to cool to rt. The solvents were 
removed under reduced pressure. Purification by FC yielded the title compound. 

Mixture of (rac.)-(lR*, 5.S'*)-7-{4-[(2iJ*).2-methyl-3-(2,3,6-trifluorophenoxy)- 
propoxy] P heny!}^3 s 9-dia2abieycloi3.3.iinon-6-ene-3,6,9-tricarboxyIic acid 
3,9-di-tert-butyl ester 6-ethyl ester and (mc)-(iJc* 55*)-7-{4-[(2.S*>2-methyI- 

3-(2 J 3,6-trifluorophenoxy)propoxyJphenyl}-3,9-diazabicyclo[3.3.1]non-6-ene- 
3,6,9-tricarboxylic acid 3,9-di-tert-butyI ester 6-ethyl ester (J2) 

Tributylphosphine (85%, 6.60 mL, 26.8 mmol) was added to a sol. of 
bicyclononene H2 (5.00 g, 8.93 mmol), 2,3,6-trifluorophenol (2.65 g, 17.9 mmol) 
and azodicarboxylic dipiperidide (5.08 g, 17.9 mmol) in toluene (100 mL). The 
mixture was heated to reflux for 2 h and allowed to cool to rt. The solvents were 
removed under reduced pressure. Purification by FC yielded the title compound. 

(mc)-(i**, ^*)-7-{4-[2,2.Dimethyl-3-(2,3,6-trifIuorophenoxy)propoxy]- 

phenyl}.3 ) 9-diazabicyclo[3.3.1]non-6-ene-3,6,9-tricarbo X yIic acid 3,9-di-tert- 
butyl ester (Kl) 

Bicyclononene Jl (5.98 g, 8.48 mmol) was dissolved in EtOH (200 mL). Aq. 1M 
NaOH (200 mL) was added and the mixture was heated to 80 °C. The sol. was 
stirred for 5 h at 80 °C, then allowed to cool down to rt. After acidification to pH 
= 1-2 with aq. 1M HC1 the mixture was extracted with EtOAc (3x). The 
combined org. extracts were dried over MgSQ 4 , filtered and the solvents were 
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removed under reduced pressure. Purification of the residue by FC yielded the 
title compound. 

Mixture of (ma)-(2** 55*>7-{4-[(2iJ*).2-methyl-3-(2^,6-trifluoropheno X y)- 
5 PropoxyJphenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-3,6,9-tricarbo X yIic acid 
3,9-di-fert-butyl ester and (rac)-(lR*, 5^*)-7-{4.[(2.S*).2-methyl-3-(2^,6- 

trifluorophenoxy)propoxy]phenyI}-3,9-dlazabicycIo[3.3.1]non-6-ene-3,6^- 
tricarboxylic acid 3,9-di-terf-butyI ester (K2) 



Bicyclononene 32 (5.86 g, 8.48 mmol) was dissolved in EtOH (200 mL). Aq. 1M 
NaOH (200 mL) was added and the mixture was heated to 80 °C. The sol. was 

Wi - - - ^, uicu miowea to cooi down to rt. After acidification to pH 

= 1-2 with aq. 1M HC1 the mixture was extracted with EtOAc (3x). The 
combined org. extracts were dried over MgS0 4 , filtered and the solvents were 
removed under reduced pressure. Purification of the residue by FC yielded the 
title compound. 

(rac)-(lR* 55*)-6-[Cyclopropyl-(2,3-dichlorobenzyI)carbamoyI]-7-{4-[2,2- 
dimethyl-3-(2,3,6-trifluorophenoxy)propoxy]phenyI}-3,9-diazabicyclo- 
[3.3.1]non-6-ene-3,9-dicarboxylic acid di-terf-butyl ester (LI) 

A mixture of bicyclononene Kl (1.35 g, 2.00 mmol), cyclopropyl-(2,3-dichloro- 
benzyDamine (1.30 g, 6.00 mmol), DIPEA (1.37 mL, 8.00 mmol), DMAP (61 mg, 
0.50 mmol), HOBt (149 mg, 1.10 mmol) and EDC HC1 (1.19 g, 6.00 mmol) in 
CH 2 C1 2 (10 mL) was stirred at rt for 3 days. The mixture was diluted with more 
CH 2 C1 2 , and washed with aq. 1M HC1 (3x) and aq. sat. NaHC0 3 (lx). The org. 
extracts were dried over MgS0 4 , filtered, and the solvents were removed under 
reduced pressure. Purification of the residue by FC yielded the title compound. 

Mixture of (rac.)-(lR*, 5^*).6.[c y cloprop y K2 J 3-dichlorobenzyl)carbamoyl]- 
7-{4-[(2if*)-2-meth y i.3-(2,3,6-trifluorophenox y )propox y ]phen y l}-3,9-diaza- 
bicvclo[3.3.1]non-6-ene-3,9-dicarboxylic acid di-tert-butyl ester and (racy 
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(1R*, 5 ' y *)-6-fcyclopropyl-(2,3-dichIorobenzyl)carbamoyl]-7-{4-f(2 i y*)-2- 

methyl.3-(2,3,6-trifluoropheno X y)propoxyJphenyl}-3,9-dia2abicyclo[3.3.1J. 
non-6-ene-3,9-dicarboxylic acid di-ferf-butyl ester (L2) 

A mixture of bicyclononene K2 (1.32 g, 2.00 mmol), c y clopro P yl-(2,3-dichloro- 
benzyDamine (1.30 g, 6.00 mmol), DIPEA (1.37 mL, 8.00 mmol), DMAP (61 mg, 
0.50 mmol), HOBt (149 mg, 1.10 mmol) and EDC HC1 (1.19 g, 6.00 mmol) m 
CH 2 C1 2 (10 mL) was stirred at rt for 3 days. The mixture was diluted with more 
CH 2 C1 2 , and washed with aq. 1M HC1 (3x) and aq. sat. NaHC0 3 (lx). The org 
extracts were dried over MgSG 4 , filtered, and the solvents were removed under 
reduced pressure. Purification of the residue by FC yielded the title compound. 

Examples 
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Mixture of (r« C .)-(/**, ^*)-7-{4-[(2i ? *)-2- m ethyl-3-(2,3,6-trifluor 0 phenoxy)- 
propoxy]phenyl}-3,9-dia2abicyclo[3.3.1]non-6-ene-6-carboxyUc acid cyclo- 
propyl-(2,3-dichlorobenzyl)amide and (rac.)-{lR*, 5 ) S*)-7.{4.[(2 1 S*)-2-methyl- 

3-(2 5 3,6-trifluorophenoxy)propoxy]phenyl}-3,9-diazabicycIo[3.3.1]non-6-ene. 
6-carboxylic acid cyclopropyl-(2^-dichlorobenzyl)amide 

Bicyclononene L2 was diluted with CH 2 C1 2 (10 mL) and the mixture was cooled 
to 0 °C. HC1 (4M in dioxane, 10 mL) was added and the mixture was stirred for 1 
h at 0 °C, then lh at rt. The solvents were removed under reduced pressdure and 
the residue was dried under high vacuum. The residue was diluted with CH 2 C1 2 
and washed with aq. 1M NaOH until the org. phase had a P H > 9. The org 
extracts wer dried over MgS0 4 , filtered, and the solvents were removed under 
reduced pressure. Purification of the residue by FC yielded the title compound 
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iracHl**, ^*)-7-{4-[2^DimethyI.3.(2,3 5 6-trifluorophenoxy)propo X y]- 
phenyl}-3^diazabicycIo[3.3.1]non-6-ene-6-carbo X ylic acid cyclopropyI-(2,3- 
dichlorobenzyI)amide 

Bicyclononene LI was diluted with CH 2 C1 2 (10 mL) and the mixture was cooled 
to 0 °C. HCl (4M in dioxane, 10 mL) was added and the mixture was stirred for 1 
h at 0 °C, then Ih at rt. The solvents were removed under reduced pressdure and 
the residue was dried under high vacuum. The residue was diluted with CH 2 C1 2 
and washed with aq. 1M NaOH until the org. phase had a P H > 9. The org 
extracts wer dried over MgS0 4 , filtered, and the solvents were removed under 
reduced pressure. Purification of the residue by FC yielded the title compound. 

The following assay was carried out in order to determine the activity of the 
compounds of general formula I and their salts. 

Inhibition of human recombinant renin by the compounds of the 
invention 

The enzymatic in vitro assay was performed in 384-well polypropylene plates 
(Nunc). The assay buffer consisted of 10 mM PBS (Gibco BRL) including 1 mM 
EDTA and 0.1% BSA. The incubates were composed of 50 uL per well of an 
enzyme mix and 2.5 uL of renin inhibitors in DMSO. The enzyme mix was 
premixed at 4°C and consists of the following components: 

• human recombinant renin (0.16 ng/mL) . synthetic human angiotensin 1-1 4) (0 5 
uM) 

• hydroxyquinoline sulfate (1 mM) 

The mixtures were then incubated at 37°C for 3 h. 

To determine the enzymatic activity and its inhibition, the accumulated Ang I was 
detected by an enzyme immunoassay (EIA) in 384-well plates (Nunc). 5 uL of the 
incubates or standards were transferred to immune plates which were previously 
coated with a covalent complex of Ang I and bovine serum albumin (Ang I - 
BSA). 75 uL of Ang I-antibodies in essaybuffer above including 0.01% Tween 20 
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were added and a primary incubation made at 4 °C overnight. The plates were 
washed 3 times with PBS including 0.01% Tween 20, and then incubated for 2 h 
at rt with an antixabbit-peroxidase coupled antibody (WA 934, Amersham). After 
washing the plates 3 times, the peroxidase substrate ABTS (2.2 , -azino-di-(3-ethyl- 
benzthiazolinsulfonate), was added and the plates incubated for 60 min at room 
temperature. After stopping the reaction with 0.1 M citric acid pH 4.3 the plate 
was evaluated in a microplate reader at 405 nm. The percentage of inhibition was 
calculated of each concentration point and the concentration of renin inhibition 
was determined that inhibited the enzyme activity by 50% (IC 50 ). The IC 50 -values 
of all compounds tested are below 100 nM. However selected compounds exhibit 
a very good bioavailability and are metabolically more stable than prior art 
compounds. 
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Claims 

1. Compounds of the general formula I 
M 



\ 




wherein 



W is a six-membered, non benzofused, phenyl or heteroaryl ring, substituted by V 
in position 3 or 4; 

V represents -0-CH 2 -CH(OCH 3 )-CH 2 -0: -0-CH 2 -CH(CH 3 )-CH 2 -0-; -0-CH 2 - 
CH(CF 3 )-CH 2 -0-; -0-CH 2 -C(CH 3 ) 2 -0-; -0-C(CH 3 ) 2 -CH 2 -0-; -0-CH 2 -CH(CH 3 )- 
0-; -0-CH(CH 3 )-CH 2 -0-; -0-CH 2 -C(CH 2 CH 2 )-0 S -0-C(CH 2 CH 2 )-CH 2 -0-; 

U represents aryl; heteroaryl; 

T represents -CONR 1 -; -(CH 2 ) p OCO-; -(CH 2 ) p N(R')CO-; -(CH 2 ) p N(R>)S0 2 -; or 
-COO-; 

Q represents lower alkylene; lower alkenylene; 



represents hydrogen; cycloalkyl; aryl; heterocyclyl; heteroaryl; 
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L represents -R 3 ; -COR 3 ; -COOR 3 ; -CONR 2 R 3 ; -S0 2 R 3 ; -S0 2 NR 2 R 3 - 
-COCH(Aryl) 2 ; 

R 1 represents hydrogen; lower alkyl; lower alkenyl; lower alkinyl; cycloalkyl; 
aryl; cycloalkyl - lower alkyl; 

R 2 and R 2 ' independently represent hydrogen; lower alkyl; lower alkenyl; 
cycloalkyl; cycloalkyl - lower alkyl; 

R 3 represents hydrogen; lower alkyl; lower alkenyl; cycloalkyl; aryl; heteroaryl- 
heterocyclyl; cycloalkyl - lower alkyl; aryl - lower alkyl; heteroaryl - lower alkyl- 
heterocyclyl - lower alkyl; aryloxy - lower alkyl; heteroaryloxy - lower alkyl' 
whereby these groups may be nnsnbstituted or mono-, di- or trisnbstituted with 
hydroxy, -OCOR 2 , -COOR 2 , lower alkoxy, cyano, -CONR 2 R 2 ', -CO-morpholin-4- 
yl, -CO-((4-loweralkyl)piperazin-l-yl), -NH(NH)NH 2 , -NR 4 R 4 » or lower alkyl 
with the proviso that a carbon atom is attached at the most to one heteroatom in 
case this carbon atom is sp3-hybridized; 

R 4 and R 4 ' independently represents hydrogen; lower alkyl; cycloalkyl; cycloalkyl 
- lower alkyl; hydroxy - lower alkyl; -COOR 2 ; -CONH 2 ; 

k is the integer 0 or 1; 

m and n represent the integer 0 or 1, with the proviso that in case m represents the 
mteger 1, n is the integer 0, and in case n represents the integer 1, m is the integer 
0; in case k represents the integer 0, n represents the integer 0; 

p is the integer 1, 2, 3 or 4; 
r is the integer 3, 4, 5, or 6; 
s is the integer 2, 3, 4, or 5; 
t is the integer 1,2, 3, or 4; 
u is the integer 1, 2, or 3; 
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v is the integer 2, 3, or 4; 



and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
diastereomeric racemates, and the meso-form; as well as pharmaceutical^ 
acceptable salts, solvent complexes and morphological forms. 

2. Compounds of general formula I wherein W, V, U, T, Q, L, and M are as 
defined in general formula I and 

kis 1 
n is 0 
mis 1, 



and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
diastereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms. 

3. Compounds of general formula I wherein W, V, U, T, Q, M, k, m, and n are as 
defined in general formula I and 

L represents -COR 3 "; -COOR 3 "; -CONR 2 "R 3 "; 

R 2 " and R 3 " represent independently lower alkyl; lower cycloalkyl - lower alkyl, 
which lower alkyl and lower cycloalkyl-lower alkyl are undubstituted or mono- 
substituted with halogen, -CN, -OH, -OCOCH 3 , -CONH 2 ,-COOH, or -NH 2 , with 
the proviso that a carbon atom is attached at the most to one heteroatom in case 
this carbon atom is sp3 -hybridized, 

and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
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diastereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms. 

4. Compounds of general formula I wherein W, V, U, L, k, m, and n are as 
defined in general formula I and 

T represents -CONR 1 -; 

Q represents methylene; 

M represents hydrogen; aryl or heteroaryl; 

and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
diastereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms. 

5. Compounds of general formula I wherein W, U, L, T, Q, M, k, m, and n are as 
defined in general formula I and 

V represents -0-CH 2 -CH(CH 3 )-CH 2 -0-; -0-CH 2 -C(CH 3 )2-CH 2 -0-; 

and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
diastereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms. 

6. Compounds of general formula I wherein V, U, T, Q, M, L, k, m, and n are as 
defined in general formula I and 

W represent a 1,4-disubstituted phenyl ring, 

and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
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diastereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms. 

7. Compounds of general formula I wherein W, V, Q, T, M, L, m, and n are as 
defined in general formula I and 

U is a mono-, di-, or trisubstituted phenyl whereby the substituents are halogen; 
lower alkyl or lower alkoxy 

and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 

_ j — —. — ww AwjkM^., v*w IT WJUk «-**-» pXlUJ.AJUlU.WU.LlVUlXJ 

acceptable salts, solvent complexes and morphological forms. 

8. The compounds according to any one of claims 1-7 selected from the group 
consisting of 

a mixture of (rac.y(lR*, 5S*)-7- {4-[(2i?*)-2-methyl-3<2,3,6-trifluorophenoxy)- 
propoxy]phenyl} -3 ,9-diazabicyclo [3 .3 . 1 ]non-6-ene-6-carboxylic acid cyclo- 
propyl-(2,3-dichlorobenzyl)amide and (rac.y(lR* 9 5iS r *)-7-{4-[(25*)-2-methyl-3- 
(2,3,6-trifluorophenoxy)-propoxy]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-6- 
carboxylic acid cyclo-propyl-(2,3-dichlorobenzyl)amide, and 

(rac.y(lR*, 55*)-7-{4-[2,2-dimethyl-3-(2,3,6-trifluorophenoxy)propoxy]phenyl}- 
3,9-diazabicyclo[3.3.1]non-6-ene-6-carboxylic acid cyclopropyl-(2,3-dichloro- 
benzyl)amide. 

9. Pharmaceutical compositions containing a compound of any one of claims 1 to 
8 and usual carrier materials and adjuvants for the treatment or prophylaxis of 
disorders which are associated with a dysregulation of the renin-angiotensin 
system (RAS), comprising cardiovascular and renal diseases, hypertension, 
congestive heart failure, pulmonary hypertension, cardiac insufficiency, renal 
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insufficiency, renal or myocardial ischemia, atherosclerosis, renal failure, erectile 
dysfunction, glomerulonephritis, renal colic, glaucoma, diabetic complications, 
complications after vascular or cardiac surgery, restenosis, complications of 
treatment with immunosuppressive agents after organ transplantation, and other 
diseases known to be related to the RAS. 

10. A method for the treatment or prophylaxis of diseases which are related to the 
RAS comprising hypertension, congestive heart failure, pulmonary hypertension, 
cardiac insufficiency, renal insufficiency, renal or myocardial ischemia, 
atherosclerosis, renal failure, erectile dysfunction, glomerulonephritis, renal colic, 
glaucoma, diabetic complications, complications after vascular or cardiac surgery, 
restenosis, complications of treatment with immunosuppressive agents after organ 
transplantation, and other diseases which are related to the RAS, which method 
comprises administrating a compound according to any one of claims 1 to 8 to a 
human being or animal, 

1 1 . The use of compounds according to any one of claims 1 to 8 for the treatment 
or prophylaxis of diseases which are associated with the RAS comprising 
hypertension, congestive heart failure, pulmonary hypertension, cardiac 
insufficiency, renal insufficiency, renal or myocardial ischemia, atherosclerosis, 
renal failure, erectile dysfunction, glomerulonephritis, renal colic, glaucoma, 
diabetic complications, complications after vascular or cardiac surgery, restenosis, 
complications of treatment with immunosuppressive agents after organ 
transplantation, and other diseases known to be related to the RAS. 

12. The use of one or more compounds of any one of claims 1 to 8 in 
combination with other pharmacologically active compounds comprising ACE 
inhibitors, angiotensin II receptor antagonists, endothelin receptor antagonists, 
vasodilators, calcium antagonists, potassium activators, diuretics, sympatholitics, 
beta-adrenergic antagonists, alpha-adrenergic antagonists, for the treatment of 
disorders as set forth in any one of claims 9 to 1 1. 
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ABSTRACT 

The invention relates to novel 3,9-wazabicyclo[3.3.1]nonene derivatives and 
related compounds and their use as active ingredients in the preparation of 
5 pharmaceutical compositions. The invention also concerns related aspects 
including processes for the preparation of the compounds, pharmaceutical 
compositions containing one or more of those compounds and especially their use 
as inhibitors of renin. 



